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FOREWORD 


The programme of vocationahzation of higher secondary 
education has been accepted by the country as it holds forth great 
promise for linking education with the productivity and economic 
development of the country by providing education for better 
employability of the youth. 

In view of the importance of the programme the NCERT is 
making an all out effort to provide academic support to the 
implementing agencies in the States. One of the major contributions 
of NCERT is in the field of curriculum development and in the 
development of model instructional materials. The materials are 
developed through workshops in which experts, subject specialists, 
employers’ representatives, curriculum framers and teachers 6f the 
vocational course are involved These materials are then sent for try¬ 
out in schools and feedback is collected through questionnaires and 
through direct contact. The materials are also sent to experts for 
comment before they are published 

The present manual on Agricultural Meteorology has been 
developed in the manner described above and is meant for the 
students studying Crop Production and allied vocations It is being 
published for wider dissemination amongst students and teachers 
throughout the country. I hope that they will find the manual useful. 

'V' b\ i 

1 am grateful to all thos6 who have contributed to the 
development of this manual I must acknowledge also the immense 
interest taken by Prof. A.K Mishra, Head, Department of 
Vocationahzation o^jEducation in inspiring- his colleagues in their 
endeavours to develop instruction^.materials Dr. A.K. Sacheti, 
Reader, functioned as the ProjectCoordinator for the development 
of this title in association with Dr A K, Dhote, Lecturer. They have 
ray appreciation and thanks for planning, designing and conducting 






PREFACE 


Ever since the introduction of vocationahzation in our school 
system by several States and Union Territories in our country the 
paucity of appropriate instructional materials has been felt as one of 
the major constraints in implemeritation of the programme and a 
source of great hardship of pupils offering vocational studies at the 
higher secondary stage 

The Department of Vocationalization of Education of the 
National Council of Educational Research and Training,-New Delhi 
has started a modest programme of developing instructional 
materials of diverse types to fill-up this void in all major areas of 
vocational education. The task is too gigantic to be completed by any 
single agency but the model materials being developed by us might 
provide guidance and impetus to the authors and agencies desiring to 
contribute in this area. These are based on the national guidelines 
developed by a Working Group of experts constituted by NCERT. 

The present manual is on Agricultural Meteorology and is 
meant for the pupils and the teachers teaching Crop Production and 
allied Vocations being offered in a number of States It contains 
activities (Practical, exercises) to be performed by pupils with simple 
steps to follow, precautions to be taken and data to be obtained and 
processed. Each activity is complete with objectives, relevant 
information, behavioural outcomes, evaluation, etc. It is hoped that 
the users will find them immensely useful. 

The experimental edition of the manual was developed by a 
group of experts as contributors in a workshop held at the Andhra 
Pradesh Agricultural University (APAU), Rajendranagar, 
yderabad, Andhra Pradesh The same was later circulated to 
receive the feedback frgm the user pupils and teachers in the States of 
ami Nadu, Andhra Pradesh and Maharashtra. After a period of 
one year for the try-out, the feedback was received and accordingly 
the experimental edition was suitably reviewed and revised through a 
committee of experts in a workshop held at the University of 
Agricultural Sciences, Hebbal, Bangalore The names of the 
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contributors and reviewers are mentioned elsewhere and their 
contributions are admirably acknowledged We are grateful to all the 
institutions, students and teachers who have used the manual and 
sent their comments Our thanks are also due to Srhi T Madan 
Mohan Reddy, Asstt Professor, Department of Agionomy, College 
ot Agriculture, APAIJ, Hyderabad, Andhra Pradesh for the pains he 
took m varyfying the authenticity of the contents of the experimental 
edition of the manual Dr A K Sachet], Reader and Co-ordinator of 
this Project and Dr A K Dhote, Lecturer. Department of 
Vocationali/ation of Education deserve special thanks for editing 
and bringing the manual in the present form The assistance of all in 
the APAU Rajender Nagar, Hyderabad, Andhra Pradesh, the 
University of Agricultural Sciences, Hebbal, Bangalore and the 
Deparment of Vocationahzation of Education, NCERT is also 
thankfully acknowledged 


New Delhi 
October, 1985 


Ariin k. Mishra 
Professor and Head 
Department of Vocationalization 
of Education 
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Under the programme of Vocationalization of Education about 
20 different groups of vocational courses in the area ol aguculture 
have been introduced by nine States and three Union Territories so 
far These courses have been running for the last six or seven years 
Fiom the very beginning the Department of Vocationalization of 
Education m the NCERT has been working hand in hand with the 
State organisations concerned, through various programmes 
oigamsed loi State officials, vocational teachers, and others, In tact, 
by now the Department has conducted on-the-spot studies of 
vocational programme in laigc numbei of States, to find out merits 
and demerits of the progiamme and to suggest appropriate measure 
to iesolve the pioblems m ‘vocational agriculture education’ These 
piogrammes have revealed that there was a great dearth of suitable 
textual/instructional materials, the need for practical manuals, 
especially, was uigently felt. The development of instructional 
materials and the imparting of practical naming become even more 
important when one considers the purpose for which the 
vocationalization of education programme has been launched The 
main aim of the programme is to prepare the pupil for purposeful and 
gainful employment (wage-earning or self-employment) 

I he Depaitment constituted a Working Group during the year 
1982 to foimulate guidelines for developing models foi a variety of 
instructional materials 


Based on the guidelines formulated by the Working Group, 
Crop Production, which is an important and popular vocational 
course in agriculture, was selected by the Department for the purpose 
of development of instiuct.onal materials in a phased manner To 
begin with, the development of mstructional-cum-practical manuals 
has been taken up 


e content ofCiop Production and similar courses offered by 
he States and Union Territories underdifferent titles was thoroughly 
analysed and it was felt that seven manuals would be necessary to 
cater to the needs of the course I he present manual on Agricultural 
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Meteorology is one ol them I his manual is intended to help both 
teacheis and pupils in the study of weather parameters and their 
lclationship with production of crops as preparation Tor this 
vocation While developing the manual, care was taken that it should 
include the maximum number of Activity Units (practical exercises) 
so that it can fulfil the requirements of the course prescribed by the 
States and Union Territories in the Crop Production as well as in 
other vocational courses 

lhese Activity Units are essential to develop the required 
vocational skills in the pupils The manual explains in detail the 
‘what’, ‘why’, and ‘how’ of these Units 

In the manual each Activity Unit has been dealt with under 
several sub-heads, viz., instructional objectives, relevant information, 
precautions, materials required, procedure, observations, expected 
behavioural outcomes and questions 

Before commencing the actual work under any Activity Unit, the 
teacher should know what exactly the pupils have to learn and do, 
and should also assess whether they will be able to do that Therefore, 
in the beginning, instructional objectives for the pupils should be 
framed in behavioural terms by the teacher. 

In order to acquaint the pupils with the Activity Unit the teacher 
should provide them with the required theoretical knowledge or 
information relevant to the activity This will help the pupils to 
properly understand the Activity Unit In other words, the'what’and 
‘why’ parts of the Activity Unit should be explained in advance by the 
teacher 

Once the pupils have understood the relevant theoretical 
instructions, the teacher should tell them about the precautions 
which arc to be taken before and during the actual execution of the 
Activity Unit This will facilitate smooth working The‘how’part of 
the Activity should be explained by the teacher in the ‘procedure’ 
which pupil should follow while performing the Activity Unit 

Under the sub-head ‘observations’, the teacher should tell what 
to observe and in view of that the pupil should observe the situation, 
take readings, note down the temperature and similar other points, 
under each Unit, these may vary from Unit to Unit Wherever 
calculations are required to be done to obtain the results, this should 
also be indicated under this head or under separate head 

At the end of the Activity the pupil will have acquired certain 
abilities which should be closely related with the instiuctional 
objectives formulated for each Activity Unit These abilities should 
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be listed under the sub-head ‘expected behavioural outcomes' 
Evaluation should be based on the abilities acquired and it should be 
done by the teacher concerned. 

For evaluating each aspect, the teacher will use a four-point 
scale, 1 e , A, B, C & D, and for each Activity Unit the Grade Point 
Average can be calculated as indicated below 

Suppose there are four aspects, each carrying equal weightage, 
and a pupil obtains 2A’s, 1 C and 1 D and if A = 4 point, B=3, C=2 and 
D=1 point, then, based on the giades, the pupil will get 11 points 
When the number of points obtained is divided by the total number of 
aspects examined, it will give the Grade Point Aveiage, which, in this 
case, is 2 75 The tabular presentation is as under 



Aspects 

Weightage Grades 

TOTAL POINTS Glade Pom, 


Obtained 

(wetgluage * ponu-eqtttva- Average 
lent u> guide obtained) 

i 

1 A 

1-4=4 

2 

1 C 

1 * 2 = 2 - 1IM = 2 75 

3 

1 D 

1*1=1 

4 

1 A 

1 * 4 4 

11 


At the end of the Activity Unit, some quest io ns relevant to it are 
also given The pupils should write the appi opnale answers after the 
completion of the Activity Unit and teacher should examine them If 
lequired, he should make suitable corrections and give suggestions 
However, answers to these questions will not be considered (or the 
purpose of grading 
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INTRODUCTION 


Agriculture is the main occupation of the people ol India with 
nearly 75 per cent of the country’s working population engaged in it 
Almost 50 per cent of the Gross National Product (GNP) is 
accounted for by agricultural production Agriculture not only 
supplies raw materials for a number of important industries but also 
provides products which form major share of country's foreign 
exchange earnings However, even today agriculture in India is 
largely dependent on prevailing weather conditions especially the 


rainfall, as hardly 25 per cent of the cropped area is having assured 
and adequate supply of irrigation water In India, the Kharif crop 
laised during the South-West monsoon period are exposed to slight 
or severe water stress in different regions of India depending on the 
deficient rainfall spells associated with “breaks" in monsoon and 
severe floods occurring due to the erratic movement of the monsoon 


depressions The Rabi crops grown without irrigation depend on the 
soil moisture accumulated during the preceding monsoon since the 
winter rainfall is meagre in different regions of India and its 
distribution is erratic. The occurrence of droughts due to large year to 
year fluctuations of total annual rainfall and deficient rainfall spells 
within the crop growing season is a major determining factor of 
agriculture in India inspite of phenomenal technological advance¬ 
ments made by way of introduction of improved vaneties, higher 
fertilizer use and better plant protection and water management 
practices etc During drought periods, prevalence of high 
empeiatures and high wind speeds and evaporation worsen the 
Situation by causing faster depletion of meagre available so.l 
moisture In view of the above factors, knowledge of the inter¬ 
relationship of crop growth and productivity with various 
meteorological factors becomes extremely important 

mPtp SO ’, in th ' S , n ? anua1, P u P lls are tau ght to measure the important 
meteorological elements which have signif.cant influence on C.op 

reduction. As is well known, the essential requisites for successful 
raising of crops are water, air, sunlight and soil 

As already stated, rainfall is by far the most important factor in 
determining final agricultural yields In hilly regions in the north, 



snowfall instead of rainfall occurs due to prevalence ol colder 
temperatures Duung the hot weathei periods ol March to May, 
violent thunder slot rn.s accompanied by hail occur causing heavy 
damage to agricultural and hoit(cultural crops So in Activity U nit-1, 
the measurement o( ram, snow and hail has been discussed In arid 
and semi-arid legions dewlonns a valuable supplementary moisture 
tes oil ices loi vegetation Hence the same is discussed in Activity 
Unit-7 

An temperature and soil temperature play a vital role in crop 
growth and development Cr.op water use is increased with increase in 
temperature and theie are catdinal temperature (viz, Maximum, 
Minimum and optimum temperature ranges) foi germination and 
othei crop development processes Final grain yields are also 
determined by the temperature ranges pievalcnt during the eiop 
growing season So, the determination of air temperatures at 
different hours of the day as well as maximum and minimum values 
tor the day is important and is discussed in Activity Unit-2 Optimum 
soil temperatuie is an important condition for proper germination 
and the sod moistuie movement is also dependent on the temperatuie 
of the soil So this aspect is discussed in Activity Umi-K 

Humidity plays an important role in the infestation ol crops by 
pests and diseases and in determination of ciop water use Drier the 
air, more will be the watei losses froi ■ rop fields and ic is ibe 
incidence of pests ,, id <h ito.es Hence, nurmduv meusuicment is 
discussed in detail in Aciivity Umt-3 

Solar radiation is one ol the most important factors in 
photosynthesis and transpiration of crops. But since its measurement 
involves advanced instruments which are available only for a few 
locations, indirect estimation of the same from sunshine 01 cloud 
data would be useful Hence, t he ■ le.isui ement of sunshine and cloud 
amount has been given iindet Activity Umt-5 The wind which has 
also a major role in detei mining crop watei use is discussed in 
Activity Unit^4 

As already mentioned, dryland farming areas form the majority 
of the cropped areas in India Hence study of evaporation and 
evapotranspuation becomes extremely important This aspect is 
discussed in Activity Unit-6 and Activity Unit-9, respectively 
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1 Activity Unit 

MEASUREMENT OF PRECIPITATION 


1 1 Instructional objectives ■ 

the pupil should be able to 

- recall the different forms of precipitation, 

— recall the different parts of rain gauge and their functions, 

— lecall the exposure requirements and installation of lam 
gauges, 

— m cm sme lain, snow and hail, 

- compute rainfall intensity ol a given ram spell, 

— calculate ihe quanity of water received by ci op fields from 
rainfall spells ol specified amount 

1.2 Relevant information . 

— What ii p>ei ipita/iotd 

Precipitation is defined as pai tides ol liquid water oi ice formed 
within a cloud and faffing towaids the ground There are atleast thiee 
mam forms of precipitation viz, rain, snow and hail Ram is the 
liquid loim of precipitation while snow consists of ice ciystuls, 
generally in Halses of light feathery si met me Hail usually la I Is duiing 
seveie thunder storms due to violent convection and consists of ice 
balls or lumps of bigger sizes In a thunder cloud, sti ong vertical an 
currents carry the rain drops above and below the freezing level 
lesulting in the growth of hail by alternate accumulation of snowand 
water Thus, these ice balls arc called hail stones and they fall to the 
ground during hail storm 

— What are the different parts of a rain gauge* 

The essential pails of a raingauge are (a) funnel which has a 
brass rim of diameter 127 mm, (b) cylindrical body, (c) receiver with a 
narrow neck and handle, (d) splayed base which is fixed in the ground 
and (d) measuring cylinder (Fig 12 1) 
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Base cylinder 


I-Ig 121 DIirrKTNl PARIS Oh A RAIN (lAlICiE 

— What are the exposure tequirements of the installation of a 
ramgauge’ 

A raingaugc should be installed on a level ground, not upon a 
slope or teirace and never on a wall 01 loof It should not be installed 
on a ground that has slope on the side ol the pi evading wind •.inn, m 
that case quite a few ram Jiops will be earned aw.iv by Wind. In 
order to avoid loss ol lam di ops due to ohstmction, the distance ot 
any object should be alleast twice the height of the object abovthe 
rim of the rain gauge, 

— How tv the taut gauge installed 9 

I lie ram’auge should hefixed on a m«v>oniy 01 a concicle 
foundation of 60 cm s 60 cm x 60 cm sunk into the gi ound f he base 
of the gauge i‘ cemented into this foundation so that flit* urn of the 
gauge is esai-tk 40 ( in above ground level 1 his height is tbosun in 
mdei to minimise water splashing into t he gauge If the height of the 
mn is muic, the tarn water collected would deeieasc because of the 
change in wind structure neat the gauge (he top ol the rim of the 
laingauge should he perfectly level 

- How is ram/ali measured'' 

I he nun falling into the funnel of the laingauge is collected in the 
4 






receivei kept inside the body and is measured by means of a special 
measuring glass cylinder graduated nr millimetres Ten millimetres of 
ram means that if that rainfall is allowed to be collected on a flat 
surface, the height of the water collected would be 10 mm In case the 
above mentioned special measuring glass cylinder is not available, 
rain water can be measured by commonly available measming glass 
graduated in ml. In such cases, 126 7 ml water measured is equal to 
10 mm lain This conversion is, however, applicable to the laingauge 
oi 127 rim diameter 

-How ate snow fall and hail measwecP 

Snowfall is measured by means ol special snow gauges T lrese 
gauges are of 127 mm or 200 mm mn diameter and aie mounted on 
iron stands at a height above the average snow level of the location A 
known quantity of warm water is ponied into the receive! in which 
snowfall has been collected After melting of the snow, the total amount 
oi wan i is mensuied I ho actual amount ot snowfall is obtained h\ 
sublijcling (iom this, the amount of warm watei added During hail 
i|so, watei and hail stones collected in the i eceiver ai e mcasuicd in a 
simil.u manner 

— What n intensity of a rainfall spell and how u is nieasuicd‘ 

flic intensity of a rain tail spell is defined as the i alio ol 1 he t olal 
amount of rainfall lecoided dining the spell lo the total duration ol 
the spell It is expressed in mm pei hour 1 oi iecording the total 
amount of ininfall m a particulai rainfall spell,a special sell i ccoiding 
i.nngaugc is used It consists of a float chamber containing a light 
hollow I loat As the watei collec ted by the outer lu line I is led into this 
chain bet t lie boat i ises along with the water level and the vertical 
movement ot the llo.it i.s iccouled by a pen on a ch.ut tixed on a 
rotating clock drum This chart has a i.ingc ol 10 mm As soon as 10 
mm ol rain falls, the pen reaches the top line ol the chart But the 
insli unient has a syphoning anangement So. the water m the 
chamber gets emptied and the pen and float come to the initial 
position immediately It lhere is fuither rain, the pen co ntinues to rise 
and leeoid the rainfall m the above manner. Thus, it in a paiticulai 
rainfall spell there ai e two syphonings followed by the i isc of pen to 5 
mrn, the total amount of 1 am iccetved dunnglhe spell is 25 mm 11 the 
duiation of this spell is 30 minutes, as seen from the chart, then the 
intensity ol the lain fall spell is 25/30 x 60 oi 50 mm/hour 

In this way, intensity ol a paiticular rainfall spell can be 
calculated 
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blow is the quantity of water received m a crop field from a 
pat inulai rainfall amount determined 9 

As explained earlier, the rainfall is measured in depth units viz 
mm So, if the aiea of the crop field (A) in sq cm and the rainfall 
amount (R) in cm are known, the volume of water (V)lm cu cm 
received over the crop field can be calculated by the following 
formula 

V = A x R 

Since lOOOcuoic centimetres is 1 litre and 1000 litres is 1 kilo litre, 
we can calculate the volume of water in litres or in kilo litres 

For example, if the area of the crop field is 0 6 hectare and 
rainfall recorded is 24 mm, the volume of rain water received in that 
crop field can be calculated as follows 

V = 0.6 x 10,000 x 10,000 x 2 4 cu cm 
= 144,000,000 cu cm 

= 144,000 litres 
= 144 kilo litres 

1.3 Precautions : 

— Avoid spilling of the ram water while transferring from 
raingauge receiver to the measuring cylinder 

— Avoid parallax error while reading the level of water in the 
measuring cyhndei For this, the observer should keep lus eye 
at the level of water in the cylinder while measuring 

— Use appropnate measuring glass cylinder provided with the 
raingauge. 

— If during heavy rainfall, water in the receiver has over flown 
and lallen into the outer cylinder, the quantity of water 
collected in the receiver as well as in the outer cylinder should 
be added 

— Alternatively, on days ol heavy rainfall, more frequent 
measurements should be made in order to avoid overflow and ■ 
all these amounts should be added up 

1.4 Materials required : 

i Ordinary raingauge installed as per standard pioceduie 
u Measuring cylmdei appropriate to the raingauge 
m Basin 
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1.5 Procedure : 

— Remove lire funnel of the raingauge 
— Take out the receiver containing lainwatei collected 

Place the measunng cylindei in a basin and translei the 
content of the leceiver into measuring cylinder 
— Keep back the leceiver and funnel in position after the 
tiansfer of rain water 

— Hold the measuring cylindei in an upiight position 01 keep it 
on a table or a hon?ontal suiface 
— Read the water level in the measuring cylinder correct to 0 1 
mm (since the water level would be slightly concave due to 
surface tension, the level of the lower meniscus should be 
read, avoiding parallax error). 

t .6 Observations : 

Ihe pupil should take the following observations 
i Rainfall jn mm for 24 houis ending at 0830 hrs 1ST 
n Rainfall during a particulai period of lime 

1.7 Expected behavioural outcomes : 

The pupil will be able to 


identify different forms of preci- (j ru 

pitationf ——— 

explain the different paifs of the 
raingauge and their functions, 
install the raingauge; 

— measure rainfall, 

— compute rainfall intensity of a parti* 
culai rainfall spell, 

— compute the quantity of water leceived 
by the crop fields of different 
dimensions from the rainfall of 
specified amounts 

The teacher should evaluate the pup,I f or the above abdit.es 
1-8 Questions : 

What is the difference between snowfall and hail*> 
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li Why does hail occur dunng summer 7 
in If there is a tree ol 10 metres height and a rain gauge is to be 
installed in its vicinity, what pieeaution should be taken 
during the raingauge installation 7 
IV, H ow do you mcasuie a rainfall oi 45 mm when you aie 
piovided wiLh only a 10 min measunng cylinder 7 

v Calculate the intensity of rainfall for the following rainfall 
spells 

Date Time of occurrence Amount (mm) 

18 7 1982 0845 - 0915 hrs 1ST 10 2 

1510 - 1640 hrs 1ST 15 0 

vi What is the quantity of water received in kilo litres by a 
cropping land of 0 5 hectare tioni a lainfall spell ol 15 mm 7 

vn Snow occuis dining winter m the Himalayas while hail 
occurs during summei even in the plain stations m India. 
Why 7 
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2. Activity Unit 

measurement of air temperature 


2.1 Instructional objectives : 

The pupil should be able to 

-explain the meaning of air temperature means, its diurnal 
variation and how the heat transfer processes me connected 
with temperatuie changes, 

-measure air temperatuie including the maximum and 
minimum values recorded dunng the day 

2.2 Relevant information : 

— What is air temper at me''’ 

Air temperature is the temperature ol the an letoided by the 
thermometer exposed in a standatd type oi scieen called Stevenson 
seteen (Fig 2.2 1) 

— What is Stevenson screen and what are its functions''’ 

The object of the screen is to shield the thermometers from 
radiation from the sun, ground and neighbouring ob|ccts,and horn 
losing' heat by ladiation at night The screen also piotccts the 
thennometer from precipitation while at the same lime allowing free 
circulation of air It is usually made of teak oi a similar wood in the 
shape of a box with louvered sides and the bottom and double looi 
having 2-3 inches air space The shelter is painted white and is usually 
mounted on an open wooden support, the floor of the screen being at 
4 ft (1 22 m) above the ground The sheltei is set up with its door 
facing north side so that only minimum sunlight would enter while 
the observer is reading the instruments 

— What is the difference between heat and tenipet aturc 7 

Temperature is the measure of mean kinetic energy per molecule 
of the molecules in an object, while the heat is the mcasuie of total 
kinetic energy of all the molecules of that object A large object may 
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4. Minimum -do¬ 
ne 2 2 I STEVENSON SCREEN 

have a much lower temperature than a small object and may still have 
a greater heat content by virtue of larger number of molecules in it If 
same quantities of copper and water at the same initial temperatuies 
10 









aic heated by 2 identical burners, the same amount of heal is 
tianslened to botli the matenals But the tcmperutuies obtained b\ 
them aie different Copper will be at a much htghei lempciulme than 
water and if after icmoving the bm nets, they are placed m contact 
with each other, heat will flow from coppei to water 1 litis heal and 
temperatuie ate not the same 

—How does heat tians/er lake place between two bodies 

having different temper annex ’ 

When two bodies at different tempeialuies ate placed neat each 
other, heat transfer takes place from the hotter body to eoolei body in 
three different ways vi/ , conduction convection and ladmlion 

In the process of conduction, heat is transmitted thiough a 
medium by contact of the minute particles in the medium In 
convection, the transmission is effected by the actual motion of the 
heated matenals In radiation, heat [lows in the form ol 
electiomagnetic waves even if the two bodies are quite apait, 

— Now does an temperatuie vary during day am/ night > 

1 he temperatuie variations in the air are primal tly govei tied by 
solar radiation But the solar radiation is lust teceivcd by vault's 
surlace and energy is then transferred to the air On account ol the 
same, although the maximum solar radiation is tcached at the noon, 
the maximum of air temperatue is recorded later, generally between 2 
and 3 PM 1 hereafter, air temperature decreases during night due to 
the absence of solar radiation and minimum tempciature is touched 
just before the sunrise. 

How is an temperatuie measured'’ 

Air temperature is measured by means of a mercury-in-glass 
thermometer called the dry bulb theimometcr which gives the 
instantaneous reading of the air temperatuie For this purpose, this 
t ermometer is installed in a Stevenson seiecn as indicated earlier. 
Temperatuie should be read in degrees centigrade, coirect lo one 
point of decimal The dry bulb thermometer is mounted vertically 
inside theStevenson screen. 

How is maximum tempeiatuie measined? 

The maximum tempeiatuic is measured by means of maximunt 
theimometer (Fig 2 2,2) This is a mercuiy-in-glass thcimometei 
ptovided with a constriction in the capillary of the glass lube below 



the lowest giudtiulion of the scale I his constriction allows the 
mercuiy to be forced thiough with nsingteniperaturcs but preventsit 
being diawn back with lulling tempeiatuics, provided the 
thcimomctci is kepi at an angle ol less than 10° from the hon/ontal 
with l lie bulb clow nun ids As the tein pci atm e i ises, meisuiy is forced 
tin ough the const! iction and stands at that level in the capillary So we. 
aic able to lead e\en at a later time the maximum tcinpeiatuie 
attained dining that lime inleival I he thcimomctci is mounted 
hon/ontally in the tippet petition of the Slexenson scieen Attci 
leading has been taken, maximum theimometei is set by icitiov mg it 
liom the suppoit, holding it InmK in hand bv the iemote end (tom 
the bulb and swinging it btiskly downwuids I he leading ol the 
maximum thcimomctci altei setting should agiee with that of drv 
bulb theirnometer within 0 3“ C 



— How n iwmiiwm lenun'ioiuic mcn\incd“ 

I he minimum tbci montctci ( hg 2 2 1) has spu it as lempu aunc 
ntcasunng fluid and is pun ided with a small dumb bell shaped index 
m the stem khis index is kept inside the spirit column by the surface 
tension of the meniscus As the tempeiaturc ol the an lads the 
meniscus rctieats towaidsthe bulb diagging with it the index, till the 
minimum tempemture is .ettched As the temperature rises, the mile' 
i attains stationary 1 bus. the end of the index farthest from the bulb 
indicates the minimum temperature iceoided since the thermometer 
wis last set do set the minimum thermometer, the bulb end is tilted 
u pvt a ids and this is sufficient to cause the index move slowly down 


Alcohol Index 
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the tube upto the meniscus After setting, the reading ol I lie minimum 
theimometei should be within 0 6° C ol the di\ bulb temperattue 
I his is installed m a hou/ontul position in the luwei p.m ol the 
Stevenson scicen with an inclination ol 5" liom the lum/omul 
lowaids the bulb 

— What ate the mean an tempo tnme anil i unite <>/ teiii/>oatnte Ini 
a tla\ '‘ 

The average of the maximum and minimum tempeiatuies 
iccorded during a day is called the mean tempeiatuie ol the day I lu 
difference between the maximum and the minimum tempeiatuies 
recorded duung a day gives the tange ol tempeiatuie lot the day I 01 
example, if maximum and minimum tempeiatuies lot a davaie'Ui 5" 
and2l 3°respectively,the mean temperature foi the day is (36 5t-2 I 1) 2 
= 28 9 n C Range of temperature of the day is 36 S 213= 15 2'’C 

2.3 Precautions : 

I ake the tempeiatuie i catling as quit U\ as possible, so I hat it 
is not allotted bv youi presence 

Altei taking tempeiatuie leadings, index tontiiions ol i he 
theimometeis, obtained h\ talihi atiou dont with the 
standaid theimometeis eailici should he applietl 
Avoid paiallax emu while uatlmg the theimomeii is 
Alter reading the thei mointit i, \ei ils 1 onte again w litihti t In 
• whole numbet ol tlegtees has been lead tonetih 

Uo not keep the dooi ol the Stevenson scicen open loi a 
longcu time than is nceessaiy 

2 4 Materials requited • 

i Stevenson stiten 

It Diy bulb t hermometei 

in Maximum theimometei 

iv Minimum theimometei 

2.5 Procedure : 

Open the Stevenson screen 

Noitmhe leading ol the diy bulb thermometer, correct to 

Note leading ol the maximum theimometei conccttoO 1°C 
Set the maximum thei mometei dui ing moi ning obsci vations 
(0700 hrs local mean time) and iccord the set reading 
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Note the tedding of mimmumthermometercoirespondingto 
the end ol I lie index away from the bulb 
Set the minimum thermometer duting evening observations 
(1400 lux local mean time) and recotd the set reading 
2.(i Observations : 

The pupil should take and recotd the following observations as 
pei the table given below 


Daw 1 111 it* 
(IS I) 


I e mpei tmiw Ten reading at the 

nme of selling 


Dr 1 

A/mi- 

Mini¬ 

Dn 

Mu\i- 

Mini¬ 

blllh 

iinini 

mum 

bulb 

nium 

mum 

r 0 

(°C) 

m 

(°C) 

(°C) 

(°C) 


2.7 Expected behavioural outcomes : 
1 he pupil will be able to 


— explain the ah tempeiatuie and its 
diurnal variation. 

— explain the heat tiansfer processes 
occuiring due to temperature changes, 

-—measure dty bulb temperature, maximum 
tempeiatuie and minimum temperature, and 

— set the maximum and minimum thermometers 
The teacher should evaluate the pupil for the above abilities 


Grade 


2.8 Questions : 

i What are the thiee processes of heat transfer 7 
ii. What is Ok dilfcrcnce between temperature and heat 9 
Illustrate 

i'u Calculate tin mean temperature and range of temperature 
(or the iollow mg data 

— Maximum Temperature Minimum Temperature 

a) 41 3°C 24 5°C 

b) 27 4"C 2I.5°C 

iv Why does the maximum of air temperature lags behind the 
i.idi.mon maximum'' 
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3 Activity Unit 

MEASUREMENT OF HUMIDITY 


3.1 Instructional objectives 

The pupil should be able to 

— recall the different measuies of humidity; 

_calculate dew point and relative humidity from wet and diy 

bulb temperature readings, 

_compute vapoui piessme and sauuation vapour picssuic 

deficit, 

— explain the different forms of atniosphei ic condensation such 
as mist and fog, 

— measure wet bulb temperature 

3.2 Relevant information : 

— What are the different mecisutes of hwmdn\' ,> 

The important measures of humidity aie vapour piessuie, 
relative humidity and dew point temperature The an contains about 
78% of Nitrogen, 20% of Oxygen and many othei gases including 
vvatei vapour in small pioportions The pressuie o( an is the total 
weight of all the gases on unit aiea Since watei vapour also 
contributes to this air pressure, the partial pressuie due to water 
vapour alone is called ‘vapour pressure It is expiessed in energy 
units viz millibars or millimetres of mercury 

When air is in contact with water, water evaporates into air as 
water vapour As more and more water is evaporated, amount of 
water vapour in air increases However, at any particulai 
tempeiature, there is a maximum capacity for water vapour that air 
can hold At this stage, the air is said to be saturated The pressure 
exerted by water vapour under such a satuiated condition is called 
saturation vapour pressure When temperature increases, value of 
saturation vapour pressure also increases The piessure cxeited by 
water vapour actually present in air is called the actual vapour 
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picssurv of lih or simply v.ipoui piessuic ol jn 

! he ratio ol actual vapour piessuic to saiuiaiion \apoui 
picssurc undoi lived conditions of lempeiaiuic cxpicsscd in 
peicentagex is k nown as relative htinmhty which is used univcisttlly ns 
a measure of humidity 

— Another measure of humidity is the Jew point tempetuture 
which is life tempeiatuic at which air would become satuiatcd il 
cooled at constant piessuic without addition or lemoval ol watci 
vapour Thus, the actual \apoui pressure is equal to the saturated 
vapour pressure at the dew point temperatuic I he closei the dew 
point to an temperatuic, the nenrei is the an to the saturated 
co nd itio n 

— What rs wet bulb lempm atmc amI how n is mcaswctl' 1 

The wet bulb temperature of moist air at a given piessuic and 
temperature is the tempetaturc attained when the an is hi ought to 
saturation by evaporating watci into it 'I he wet bulb lempcuiiiiie is 
measured by the wet bulb theimometei fixed inside the Stevenson 
screen The bulb of this theimometei ts covered by a piece ol muslin 
cloth which is continuously kept moist by means o! foui stiands ol 
cotton thread, the ends of which are dipped into a small glass vessel 
containing either distilled watci or nun watci Use ol non-distilled 
water may cause inci list rat ion nl salts os ei the bulb m couiseol time 

— What are the principle s of wet bulb thermometet ’ 

When water evaporates, it lequncs t-neigy lor converting itsell 
into vapour The heat enetgy required for this change of state is 
known as latent heat of vaporisation This heat energy will not cause 
any change in temperature Latent heat of vaponsatinn varies from 
540 to 600 calories for different temperature ranges for converting 
one gram of water into water vapour 

In case of wet bulb thermometer, when water evaporates from 
the wet surface, the latent heat requirement lsdrawnfiomthebulbof 
the thermometer and so the mercury column comes down indicating 
a ieduction of temperature This type of evaporationandconsequent 
reduction in mercuiy level continue till the air just surrounding the 
wet bulb becomes saturated The final temperature so attained is 
known as wet bulb temperature If the air is originally satuiatcd, 
evaporation can not occur and there is no cooling Thus, under the 
saturated conditions both the dry and wet bulb thermometei readings 
would lemain the same But when the an becomes moie and more 
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diy, the dilterence between dry and wet bulb theimometci would 
inciease. lhus, the depression ot wet bulb (vi/ Dry bulb 
temperature—wet bulb temperature) is a good measure of air 
humidity. 

— How are the dew paint temper attire mid lelative humidity 
calculatedjrom the wet bulb and dry bulb temperature 

From the dry bulb and wet bulb Lempeiatuie leadings, the dew 
point temperature and relative humidity can be obtained by refei once 
to Hygiometric tables If the height ol the place of observation is less 
than 1500'(457 5 m), 1000 mb Hygrometrie tables ate to be tised and 
foi higher station, 900 mb Hygiometuc tables are to be used 

Dew point temperature and relative humidiiics corresponding to 
specified values of diy and wet bulb temperatures aie given in the 
above mentioned IHygrometrtc tables’ at intervals ot 0 2°C While 
using the tables, interpolation to the neaiest 0 1°C has to be done, 
wherevei necessary The following example would lllustiate the 
pi oceduie 

Example Dry Bulb temperature - 34 5°C 

Wet Bulb temperature = 29 7°C 

(a) Computation of relative humidity 

Referring to 1000 mb Hygrometuc table, the relative hunudily 
values ot the corresponding tempeiatures are as follow* 

H er Bulb 

29 6 C C 29 8° C 

Dry Bulb 34 4°C 69 70 

34 0°C 68 69 

For this, firstly we have to interpolate loi diy bulb tempotatun* 
as follows 


Diy Bulb 


Her Bulb 

29 6‘L 29 8° C' 

34 5°C 68 5 69 5 


So for wet bulb temperature of 29 7°C relative humidity is 69% 
(b) Computation of dew point temperature 
The values from the tables are as follows 

I Vet Bulb 

29 6° C 29 8° C 
27 9 28 2 

27 8 28.1 


Dry Bulb 


34 4°C 
34 6°C 


17 



Interpolating for diy bulb temperatures, we get 

Wet Bulb 

29 6° C 29 8° 1C 

Dry Bulb 34 5°C 27 9 28 1 

In this connection pupil should note that if any digit is followed 
by 0 5, it should be rounded off to the next higherdigitonly when the 
digit is even, and when the digit is odd, it remains the same For 
instance 8 5 should be rounded off as 9 and 9 5 also as 9 This 
procedure ts followed in order to avoid systematic over estimation 
during rounding off 

So final interpolated value of dew point temperature is 28.0° C 
for the wet bulb temperature of 29 7°C 

—How are vapourpressure and saturation vapour pressure deficit 
computed? 

At the outset, dew poinL temperature should be calculated from 
the Hygrometnc tables following the above mentioned procedure 
Since the vapour pressure is the saturation vapour pressure at 
the dew point temperature, the vapour pressure can be computed by 
noting from the saturation vapour pressure table (Table 3 2 1), the 
value corresponding to the dew point temperature 

For instance, in the previous example dew point temperature is 
28 0°C. By referringto the corresponcjingvalues in saturation vapour 
pressure table, we get vapour pressure as 28 4 mm of mercury 

Saturation vapour pressure deficit is defined as the difference 
between the saturation vapour pressure and actual vapour pressuie 
of the air In the above example, the saturation vapour pressuie 

deficit can be computed as follows 

Saturation vapour pressuie = 410 mm of mercury 
(Obtained by referring to the saturation vapour pressure table 
3 2 1 entry corresponding to dry bulb temperature of 34 5 C) 
Actual vapour pressure = 28.4 mm ot mercury 
So saturation vapour pressure deficit 

= 410-284 

= 12 6 mm of mercury 
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Table 3.2.1 


Saturation vapour pressure m mm ofHgm terms of 
mean air temperature in °C and tenths 


Temp 

°C 

0 0 

0 / 

0 2 

0 3 

0 4 

0 5 

06 

0 7 

OH 

0 9 

5 

6 5 

6 6 

6 6 

6 7 

6 7 

b 8 

6 8 

ft 9 

ft 9 

7 0 

6 

70 

7 1 

7 1 

72 

7 2 

7 3 

7 3 

7 4 

7 4 

7 5 

7 

75 

7 6 

7 6 

7 7 

7 7 

7 8 

7 8 

7 9 

7 9 

X 0 

8 

8 1 

8 1 

8 2 

82 

8 3 

8 3 

8 4 

8 4 

8 5 

8 5 

9 

8 6 

8 7 

8 7 

8 8 

8 9 

8 9 

9 0 

9 0 

9 1 

9 1 

10 

9 2 

9 3 

9 3 

94 

9.5 

95 

9 ft 

9 7 

9 7 

9 8 

11 

9 8 

9 9 

100 

10 0 

10 1 

10 2 

10 2 

10 3 

10 4 

10 5 

12 

10 5 

10 6 

10 7 

10 7 

108 

10 9 

10 9 

I 1 0 

1 1 1 

1 1 2 

13 

11 2 

11 3 

1 1 4 

11 5 

11 5 

1 1 6 

11 7 

11 8 

1 1 8 

11 9 

14 

120 

12 1 

12 1 

122 

123 

124 

12 5 

12 5 

12 6 

12 7 

15 

12 8 

12 9 

13 0 

13 0 

13 1 

13 2 

13 3 

13 4 

13 5 

13 5 

16 

13 6 

13 7 

13 8 

13 9 

140 

14 1 

14 2 

14 3 

14 3 

14 4 

17 

14 5 

14 6 

14 7 

14 8 

14 9 

15 0 

15 1 

15 2 

15 3 

15 4 

18 

15 5 

15 6 

15 7 

15 8 

159 

160 

16 1 

16 2 

16 3 

164 

19 

16 5 

16 6 

167 

168 

16 9 

170 

17 1 

17 2 

17 3 

17 4 

20 

17 5 

17 7 

17 8 

17 9 

18 0 

18 1 

18 2 

18 3 

18 4 

18 5 

21 

18 7 

18 8 

18 9 

19 0 

19 1 

19 2 

19 3 

19 5 

19 6 

19 7 

22 

19 8 

19 9 

20 1 

20 2 

20 3 

20 4 

20 6 

20 7 

20 8 

20 9 

\ 2 ] 

21 1 

21 2 

21 3 

21 5 

2! 6 

21 7 

21 9 

22 0 

22 1 

22 1 

,24 

22 4 

22 5 

22 7 

22 8 

22 9 

23 1 

23 2 

23 3 

23 5 

23 6 

125 

23 8 

23 9 

24 1 

24 2 

24 3 

24 5 

24 6 

24 8 

24 9 

25 1 

(26 

25 2 

25 4 

25 5 

25 7 

25 8 

26 0 

26 1 

26 3 

26 4 

26 6 

I 27 

128 

26 7 

26 9 

27 1 

27,2 

27 4 

27 5 

27 7 

27 9 

28 0 

28 2 


28 4 

28 5 

28 7 

28 9 

29 0 

29 2 

29 3 

29 5 

29 7 

29 9 

1 29 

30 1 

30 2 

30 4 

30 6 

30 7 

30 9 

31 1 

31 3 

31 5 

1| 7 

130 

31 8 

32 0 

32 2 

32 4 

32 6 

32 8 

32 9 

33 1 

11 2 

11 5 

3 1 

13 7 

33 9 

34 1 

34 3 

34 5 

34 7 

34 9 

35 I 

15 1 

15 


35 7 

35 9 

36 1 

36 3 

36 5 

36 7 

36 9 

37 1 

37 1 

17 5 

35 

36 

37 

38 

39 

40 

hi 

39 9 

42 2 

44 6 

47 1 

49 7 

52 5 

55 3 

37 9 
40 1 

42 4 

44 8 

47 3 

50 0 

52 7 

55 6 

38 2 
40 4 
42 7 
45 I 

47 6 

50 2 

53 0 

55 9 

38 4 
40 6 
42 9 

45 3 

47 9 

50 5 

53 3 

56 2 

38 6 
40 8 
43 1 

45 6 

48 1 

50 8 

53 6 

56 5 

38 8 

41 0 
43 4 

45 8 

48 4 

51 1 

53 9 

56 8 

39 0 

41 3 
43 6 
46 1 

48 6 

51 3 

54 2 

57 1 

39 3 

4! 5 

43 9 

46 3 

48 9 

51 6 

54 5 

57 4 

19-5 

41 7 
44 1 

46 6 

49 2 

51 9 

54 7 

57 7 

39 7 

41 9 

44 3 

46 8 

49 4 

52 2 

55 0 

58 1 


— What are mist and jog ? 


When there ,s a suspense of water vapourand dust part.cles in 

70 percent obscur,t y H the relat.ve hum.d.ty is less than 

70 percent, the dust part.cles are dry and we call the phenomenon as 
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haze When the relative humidity becomes more than 70 per cent, 
obscu my increases due to condensation of water vapour into minute 
water droplets I his is called miu In both the cases of haze and mist, 
visibility is more than I km which means that the objects beyond 1 km 
can be clearly seen 

When the air is lurther cooled and the relative humidity 
mcieases, mist thickens into fog and the visibility is less than 1 km In 
case ot thick fog the visibility is reduced to even less than 200 metres 
While the size of the condensed water droplets in case of fog varies 

fiom I micionto 10 microns, the size ot the water droplets in trust is 

less than I micron (1 micron = 10' < 'm) 

5.4 Precautions : 

- Use distilled watei oriain watei foi the wet bulb thermometer 
and keep the container bottle clean 

Cover the bulb with only one fold of muslin cloth lied w iih 4 
stiands of dainmg cotton and trim off excess muslin cloth 

-— The bottle should have a small neck so that the air inside the 
screen may not be moistened by evaporation of watei Irom 
the vessel 

— Place the bottle on one side ol the wet bulb away Irom the cl i y 
bulb and not directly below the wet bulb 

— Keep muslin and cotton threads clean and fiee fiom dust oi 
grease; 

— Change muslin cloth and threads immediately alwi a dusi 
stoi m 

— Inspect wet bulb periodically and if the wet bulb develops a 
white coating due to incrustation of salts, clean it with a 
lemon oi dilute acid 

— Avoid paialias erroi while reading the thermometer and 
apply index coriection, il any 

3.4 Mateiials required ■ 

i Di\ bulb and wet bulb theimometers installed in a 
Stevenson screen 

n Hygromcli ic tables 

in Salutation vapoui pressure table 

3 5 Procedure . 

— Open the Stevenson screen 
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— Note the reading of city bulb theimometei un ieu to 0 1' C' 
— Note the leading of wet bulb thennomctei coned lo 0 l"C 
— Read from Hygiometiie tables dew point tcmpeiatuie and 
relative humidity values, coi responding to observed div bulb 
and wet bulb temperatuie leadings aftei lui lying out 
necessary interpolation 

— Compute vapour pressure from the dew point (cmpeiutuie 
obtained, by using the saturation vapoui picssme table 
— Compute the saturation vapour pressure cot lespoiulmg to 
the dry bulb temperature from the same table 
— Calculate the saturation vapour pressure delicit, by the 
method given already. 

3.6 Observations : 

The pupil should record the following observations 
Diy bulb temperature 
Wet bulb temperature 
Vapour pressure 
Saturation vapour pressure 
Saturation vapour pressure deficit 

3.7 Expected behavioural outcomes : 

The pupil will be able to 


— recall the different measuie 
of humidity, 

— explain the significance of the wet bulb 
temperature, 

— maintain wet bulb thermometer, 

— measure wet bulb tempeiature, 

— compute dew point tempeiature and 
relative humidity from observed wet and 
dry bulb temperature leadings, 

— calculate vapour pressure, saturation 
vapour pressure and saturation vapour 
pressure deficit values. 

The teacher should evaluate the pupil for the above abilities 


Cm ado 
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3.8 Questions : 

i How do jou calculate rclatne humidity from 

a) Diy and wet bulb thennometei readings 

b) Vapom picssuie and satuiation vapoui piessure 

ii Distinguish between mist, tog and haze 

m hind the dew point temperature, relative humidity, and 
saturation vapoui pressure deficit from the following data 
Dry bulb temperature Wet bulb temperature 

(a) 38.6°C 25 5°C 

(b) 27 3°C 21 7°C 

(c) 21 7°C 18 6°C 

iv The following data pertains to a Northern Indian Station 
Month Mean vapour pressure Mean temperatur e 
January 6.8 mm of Hg 16 0°C 

April 12 lmm of Hg 32 3°C 

Will relative humidity be higher in January or April 7 
Why 7 
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4 Activity Unit 

MEASUREMENT OF WIND 


4.1 Instructional objectives : 

The pupil should be able to 

- recall the instruments used to find out the wind direction and 
wind speed, 

— determine wind direction, 

— measure wind speed, 

— compute the mean daily wind speed 

4 2 Relevant information : 

— What is wind ? 

Wind is the air in horizontal motion caused due to differences in 
utmospheuc pressure Wind has to be specified by its direction and 
speed. The movement of wind is almost horizontal and the vertical 
component is very small, being about I / 100th of the honzontal 
component So by wind, we generally mean only the horizontal 
component of the wind 

— Wind insh umentt 

fhe common instrument to determine wind direction is Wind 
sane (Fig. 4 2 1) This instrument indicates the direction from which 
wind blows It is a balanced leverwhich turns freely about a vertical 
axis One end ol the level exposes a broad surface to the wind, while 
the othei end is narrow and points to the direction from which the 

wind blows This narrow end is in the form of an arrow head Under 
this movable system theie are eight fixed rigid bars which are set to 
the eighth catdinal directions - North, North-east, East, South-east 
South, South-west, West and Noith-west. 

r he an ow head of the wind vane points to the direction of wind 
and it is to be read from the wind vane to the nearest of the sixteen 
points of the compass 
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Wind speed is measured by Cup counter anemometei (Fig 
4 2 2), This instillment consists of four hemispherical cups 
(sometimes three) fixed at the end of metal arms from a central point 
The cup wheel is pivoted at the centre to a vertical spindle passing 
through a brass tube attached to the anemometer box The cup is set 
in motion due to the pressure difference occurring between the two 
faces of the cup The vertical spindle about which the cups rotate, is 
connected to a mechanical counter through a gear system from which 
the number of rotations made by the cups in a chosen mtei val of time 
can be counted The counter is directly calibrated in kilometres 
In an agro-meteoiological observatory, wind instruments 
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should be installed at a site which is as open as possible 1 here should 
not be any tall tiees or buildings neaiby I he wind instruments aie 
installed on pillars so that the height of the centre ofancmomclei cup 
or the arrow head should be I0'(3 05 metres) above (he gi ound I lie 
minimum exposure criterion for the wind mstiuments is that any 
obstruction should be away from the wind insti umenls hy atlcast 10 
times the height of the obstruction 



For the sake of maintenance, the screw cap of the wind vane 
should be removed and a few drops of clock oil should be put every 
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fortnight For anemometer also, lubrication by clock oil should be 
done every week 

— How is wind direction measured at the time of observation ? 

The wind direction is read by noting the direction to which the 
anow head points The wind vane should be watched for a few 
minutes so that the mean direction can be identified The direction 
should be read from the wind vane to the nearest of the sixteen points 
of compass For example if the arrow head is pointing towards the 
middle of the region between North (N), and North-west (NW), the 
direction should be read as North - Noith-west (NNW) 


— How is wind speed measured at the time of observation'> 

To determine wind speed at the time of observation, two 
successive readings of the anemometer should be taken at an interval 
of 3 minutes. The difference between the two readings when 
multiplied by 20 will give the wind speed in kilometres per hour 
(kmph), if the anemometer is calibrated in kilometres 

For example If the first anemometer reading is 3954 6 and the 
second reading is 3955 4, the wind speed is given by ■ 

20 x (3955 4-3954 6) = 20 * 0 8 = 16 0 kmph 

— How is mean daily wind speed calculated ? 

The mean daily wind speed is calculated at the 1 hour of 
observation viz , 7 hrs local mean time (LMT) at the agromet observa¬ 
tories The anemometer reading of 7 hrs LMT of the previous dav is 
subtiacted from 7 hrs LMT reading of the current day and the 
difference is divided by 24 so that mean daily wind speed in kmph can 
be obtained Thus, mean daily wind speed on a particular date 
corresponds to the 24 hour period ending at 0700 hours local mean 
time of that date The following example will illustrate this 
procedure 

Anemometer reading at I hr of 17 6,82 2878 3 

Anemometer reading at 1 hr of 16 6.82 .. 2594.7 

Difference 283 6 


Mean daily wind speed on 17 6 82 is given by 283 6/ 24 = 11.8 kmph 
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4.3 Precautions : 


— Make sure that the wind vane moves ireely befoie taking the 
leading 

-Dining occasions of light wind when wind vane does not 
respond leadily, give a sltght nun to wind vane by hand and 
allow it to take up the dneetion ol wind 
— In order to verily the direction given by the wind sane, 
compare the same with theapproximatc direcuon delcimmcd 
eithei by facing the direction oi wind oi by letting ol small bits 
of paper 

4.4 Materials required : 

1 Cup counter anemometer 
u Wind vane 

4.5 Procedure . 

— Watch the wind vane for a few minutes and identity the 
direcuon 

— Read the direction to which the ai row head points, nearest to 
the sixteen points ol the compass 
— Note the initial reading of the anemometer as well as the time 
accurately 

— Note the final reading of the anemometer after 3 minutes 
— Subtract the initial reading from the final reading and 
multiply by 20 to get the instantaneous wind speed at the time 
of observations in kmph 

— Subtract the anemometer leadmgat 7 Ins I Ml (1 ocal Mean 
Time) of the previous day from that at 7 his LMI of the 
observation date and divide the dilfeience by 24 this will 
give the mean daily wind speed lor the observation date 

4.6 Observations : 

The pupil should take and record the following observations 
— Wind directions at the time of observation 
— Wind speed at the time of observation 
— Daily mean wind speed 
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4 7 Expected behavioural outcomes : 
The pupil will he able to 


- determine the wind direction at the 
time of observation, 
hnd out the wind speed at the 
time c f obxcivation, 

--compute daily mean wind speed 
T he teacher should evaluate the pupil for the above abilities 

4.8 Questions : 

1 

l How is the wind direction determined correct to the sixteen 
points of compass 9 

ii Describe a cup counter anemometer 

in Calculate the wind speed at the time of observation on 
4 6,1982 and the mean daily wind speed on 5 6 1982 with the 
lollowmg data from cup counter anemometer 


Date 

Time 

Reading 

4 6 1982 

0710 hrs 1ST* 

2358 9 


0713 hrs 1ST 

2359.4 

5.6 1982 

0710 hrs 1ST 

2503 1 

* Al the sumom 

concerned. 0710 hrs I S T is eumv.ilenl lo 0700 hrs LM1 


Grade 


iv Draw a diagiam showing all the cardinal directions of the 
sixteen points of the compass 
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5 Activity Umt 

MEASUREMENT OF SUNSHINE AND 
CLOUD AMOUNT 


5.1 Instructional objectives : 

The pupil should be able to 

— explain the importance of sunshine and cloud data for 
agriculture, 

_measure daily hours of sunshine with the help of a sunshine 

i ecorder, 

— estimate cloud amount 

5.2 Relevant information • 

— What is the importance of sunshine and cloud data for 
agncultuial purposes 9 

Crops obtain energy necessary for life directly from sunlight 
They convert solar energy into chemical energy during the process of 
photosynthesis Large amounts of energy are also required during the 
process of transpiration of crops These are also derived front the 
solar energy Infestation of pests and diseases is also generally 
associated with the occurrence of prolonged periods of continuous 
cloudy days during the crop growing season. 

Since the recording of solar ladiation requires advanced 
instrumentation such as pyranometer and potentiometric iecorder 
etc. which are not generally available at many stations, the collection 
of sunshine data, with the help of sunshine recorder would be 
essential It is possible to estimate solar radiation from the sunshine 
data 

Even if the sunshine recorder is not available, it is possible to 
estimate solar ladiation from the cloud amount data recorded during 
different times of observations. 

— What is the method of measuring sunshine ? 

The sunshine is measuied by means of the Campbell—Stokes 
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three overlapping pairs of grooves each to take cards suitable in shape 
for different seasons of the year The sunshine recorder is installed on 
a masonry pillar of 5'( 1 52 m) or 10' (3 04 m) There should not be any 
obstruction having an elevation of 3° above the hon/on 

Three types of cards namely the short curved caids from I 3th 
Octobei to last date of February, the long cuivcd cards fiom 13th 
April to 31st August and straight caids for other seasons aie used 
While inserting the new sunshine card, its 12 hr line should he 
adiusted to coincide with the noon line engraved on the bowl and t lie 
clamping screw should be tightened The card is subdivided into 
hourly intervals, As the sun moves acioss the sky, its focussed image 
burns a trace on the card, so that by measuring the trace for the whole 
day, the duration of sunshine during the day can be accuiately 
recorded For this purpose, a special plastic scale is provided in which 
the subdivisions of the hour are also maikcd By keeping the plastic 
scale on the trace, the total duiation of the intermittent burns of the 
card within an houi can be added upand thus,the total duration ol 
sunshine can be obtained correct to0 1 ofanhoui The houis marked 
in the sunshine card refer; to local mean time(L M T) of the station 
Thus sunshine is measured in number of hours per day Foi each 
day’s observation, sunshine cards should be inseited m the lecoider 
before sunrise and removed alter sunset 

— How is the cloud amount estimated ? 

The international unit for estimating the cloud amount is the 
Okta’ or eighth of the sky The assessment of the total amount ol 
cloud therefore consists in estimating how much of the total appaicnl 
area of the sky, to the nearest eighth, is coveied with cloud Foi this 
purpose, the pupil should observe the sky and imagine it to be divided 
into four quadrants By imagining the clouds that aie scatteied in 
different parts o( the sky to be put together, he should estimate how 
many quadrants the total cloud occupies The amount of cloud is to 
e taken as “Zero” only if the sky is completely cloudless and ‘Eight’ 
when the sky is completely overcast without gaps of any kind 

5.3 Precautions : 

Do not clean the glass bowl of the sunshine recoider with any 
cloth or material which may abrade the surface Avoid 
excessive vigour in polishing 

Remove immediately any deposit such as dew, frost, snow or 
bird dropping. 
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- If the trace is not parallel to the central line ol the card, or if 
the intensity of the trace is too high or too low, carry out 
levelling and other adjustments of the recorder 

- Use the sunshine caids appropriate to the seasons 

- While estimating the cloud amount, give equal weightage lo 
the clouds near the horizon as well as those close to the zenith 

5.4 Materials required : 

i Campbell -Stokes sunshine recorder 
u Sunshine cards 

in Special plastic scale for measuring sunshine in Iractions of hour 

5.5 Procedure 

— Select the appropriate new card corresponding to the season 
concerned 

— Insert the new sunshine card in the appropriate groove of the 
recorder and adjust it so that its 12 hr line coincides with the 
noon mark engraved on the bowl 
— Remove the burnt card in the evening after sunset and mark 
the date of observation on the reverse of the card 
— Tabulate the amount of sunshine recorded during each hour 
of the day from sunrise to sunset using the special plastic 
scale 

— Add up the values foi all the hours and determine the total 
duration of sunshine hours for the day 
— Observe the sky from a location in which the widest possible 
view of the sky can be obtained 
— Estimate the total amount of clouds in the sky m Oktas 

5.6 Observations : 

The pupil should record the following observations 
— Duration of sunshine during each hour of the day 
— The total cloud amount in Oktas at the time of obseivation 


5 7 Expected behavioural outcomes : 

The pupil will be able to . 

I Guide 


32 


— explain the importance of sunshine and cloud 




data in agriculture, 

- measure daily hours of sunshine, 

— estimate the cloud amount in Oktas _ 

The teacher should evaluate the pupil lor the above abilities 

5.8 Questions : 

i Give two processes in agriculture in which use of solat 
energy is important 

li In the absence of solar radiation data, from which factors it 
can be estimated? 

\u. What are the different types of cards used for the sunshine 
recoider and the periods of the year for which they ai e used? 
iv. Estimate the daily hours of sunshine from the given caids 
(For this, the teacher should provide the pupil with cards, 
showing typical traces of cloudy days and clear days) 
v If during the crop growing season number of cloudy days 
occur continuously, what would be its effect on different 
biological processes of the crop? 



6 Activity Unit 

MEASUREMENT OF EVAPORATION 


6.1 Instructional objectives : 

The pupil should be able to 

— recall the meteorological factors that influence the water loss 
by evaporation, 

— measure evaporation by means of pan evaponmeter 

6.2 Relevant information : 

— What is evaporation and what are the jactors that influence 
n> 


Evaporation is one of the important aspects of the hydrologic 
cycle by which water from the earth’s surface is transferred to the 
atmosphere in the foim of water vapour Measurement of 
evaporation is of great importance in agricultural and hydrometeoro¬ 
logical studies The rate ol evaporation is defined as the amount of 
water lost by evaporation from a unit area of a surface in unit time 
and is expressed in depth units (mm/day) just like rainfall 

Evaporation is dependent on a number of factors such as (a) 
total rad lat ion, (b) temperature of the evaporating surface and that of 
air, (c) wind speed, (d) vapour deficit and (e) nature of surface etc 

— Description of pan evaponmeter 

Evaporation is measured by means of pan evaponmeter (Fig. 
6.2 1 ) The Class ‘A’ pan evaporimeter which is commonly used m 
India, consists of a large cylindrical pan made of copper with 120 cm 
diameter and 25 cm depth The pan is made of 20 gauge copper sheet 
, tinned inside and painted white outside A still well is provided inside 
the pan so that there would be undisturbed water surface inside that 
well and ripples would be broken It consists of a brass cylinder 
mounted on a heavy circular base provided with three circular holes 
at the bottom The reference point is provided by a brass rod fixed at 
the centre of the still well 
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Wooden grill 


1 i fi 6 2 I CLASS ‘A’ PANEVAPORIME fER 

The top of the rod tapers to a point and is exactly 190 mm above 
the base of the pan The pan is filled up with clean water till the water 
level just touches the tip of the rod The pan rests on a white painted 
wooden gi ill so that the bottom of the pan would be above the surface 
of watei in rainy weather The wooden grill also helps in leducingthe 
conduction of heat from the surrounding soil The pan is provided 
with a standard wire mesh to prevent the loss of water from the pan by 
external agencies such as birds, animals, etc The water temperature of 
the pan is measured by means of a thermometer which is just 
immersed below the walct level in the pan 

For measuting evapoiation a graduated measuring cylindei 
(Fig 6 2 2 ) made of biass isalso provided with the instiument Ithas 



I iy f> 2 2 GRAD1IA n 1) MEASURING CYLINDER 
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a scale 0-20 cm, engraved inside it along its height The cross 
sectional area of the measuring cylinder is exactly 1 / 100th of the area 
of pan The evaporimeter should be installed at an open site with no 
obstruction casting shadow on the pan The site should be free from 
flooding or water logging even during heavy rains The pan should 
be placed on the wooden grill kept on a firm foundation so that the 
edge of the pan is level and is exactly at 36 cm above the ground 

— How daily evaporation is measured 

The obseivations of evaporation should be made daily at 0830 
hrs 1ST Initially the water is filled up to the tixed point lip Due to 
evaporation, the water level will normally be below the tip of the rod 
at the time of observation, then add water to the evaporimeter using 
the measuring cylinder till the watei level once again coincides with 
the tip ot the reference point In the measuring cylinder the 
graduation runs from lop to bottom Hence the amount of water 
added, which is ec|ual t o the evaporation that has occurred during the 
day can be directly measured For example, if on a particular day 
three full cylinders of water and 4 cm of water i.e , 64 cm has been 
added to bring the water level to the refeience point, the actual 
evaporation can be deteinnned by dividing the amount oi water 
added by 100, since the area ol the pants 100 times that of the area of 
the base ol the ineasunngcylinder I hus, the cvupmation duringdas 
is 64cm/ 100 = 6 4 mm 1 he evaporation should he lect'ided cowed to 
0 1 mm In ca.sc the evaporation observation has been taken during 
1400 hrs 1 M T (11 hour) of the previous day. the evaporation 
iccorded dunng that hour should be added to the evapo.at.on 
leading at 0830 hrs IS 1 ol date (which lepresents evaporation fi om 
1400 his LMT ol the previous day to 0830 hrs IS1 ot the day sol hat 
we can gel the total daily evaporation to. 24 Ins ending 0830 hrs 1ST 

of the day , , . 

II rainfall has occurred after the previous observation and that 
i.unfall has exceeded evaporation during that period, watei hastobe 
removed from the pan till the water level reaches the leference level 
indicated bv the tip of the rod 

If the rainfall that has occurred during the period is less than the 
evaporation, slight water has to be added to the pan to bring it to the 
icteience level But, while calculating the total evaporation, not only 
the watei added, but the rainfall that has occuired should be taken 
into account 
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r he lollowing examples would illustrate these piocedures ' 
i Watei added at 0830 hrs 1ST on 4-1 I -1982 to bring the watci 
level to the rcleience point is 51 cm Rtiinlall hom()830 his 
1ST on 3-11-82 to 0830 his 1ST on 4-1 1-82 is Nil 
Fvaporation on 4-1 1-1982 = 51 cm / 100 - 5 I mm 
u Watei removed at 0830 hrs 1ST ol 10-7-82 = 64 cm This 
amounts to a change in water level ol 6 4 mm The rainfall 
rccoided at 0830 his IS T of 10-7-1982 is 8 4 mm Had theie 
been no tain, the level would have nscn by 8 4 mm So (he 
evaporation for the day is- 8 4— 6 4 - 2 0 mm 
in The water added at 0830 hrs IS I on 5-6-82 is 23 tin I his 
amounts to a change in water level ot 2 3 mm II the t ainiall 
tecorded at 0830 hrs 1ST on 5-6-1982 is 1 6 mm, the actual 
evapoiation is equivalent to the sum ot latnlall and the 
deucase in watei level So the evapoiation for the day 
2 3a 16-39 mm 

6.3 Precautions : 

— Inspect the pan periodically lor leaks 
— Check periodically and ensuic that the wooden platloimand 
the bottom of the tank are peifectly horizontal and the height 
ol the rim is 36 cm above the ground level 
— Clean the pan atleast every foitmght and fill it up with liesh 
water 

- When there is a likelihood of heavy rain which may cause 
oveiflowing of the pan, remove enough watei and make 
entnes regaiding the same m the ohseiwation book 

- Paint the outside ol the pan with white paint and do tinning 
inside once every year 

-Use water that has been stored in a reservoir for refilling so 
that its temperature will be same as that of the pan 

6.4 Materials required : 

t Class ‘A’ Pan evaporimetcr 
ii Still well 
in Wooden frame 
tv Measuring cylinder 
v Thetmometer 


37 



6.5 Procedure : 

- - Note the water tempeiaturc conect to 0 1°C 
— Note the bottle level in the still well of the pan 
- K the water level is below the tip o( the rod add sufficient 
water slowly with the help ol the mcasunng cylinder, so that 
the water level again coincides with the refeience level 
— Note the amount of watei added hy taking into account the 
numbei of cyhndeis of watei added and pails thereof 
— Divide the amount of water (which is measuied in cm) by 100 
and recoid the quotient as the evaporation (in mm) foi the 24 
hrs ending at 0830 hrs 1ST of the day 
— If rainfall has occurred 'dunng 24 hrs ending 0830 his 1ST 
and still the water level has lallcn below the leteiencc point 
and water has to be added to bung the watei level to the 
reference level, mm equivalent of this amount of watei should 
be added to the rainfall amount in mm to get the total 
evaporation for the day 

— If, however, the rainfall has been heavy and the water level 
has gone above the refei ence point at the time ol observation, 
remove water with the help of the measuring cylinder, in 
order to bring the water level back to the reference point 
Subtract from the rainfall the mm equivalent of the i ernoved 
water in order to get the total evaporation for the day 
— If on any day, due to occuirence ol very heavy lainlall, the 
water level has nsen upto the mu of the pan and some watei 
has over flown, evaporation foi that day cannot be 
determined So, entry "ovei flown" should be made in the 
observation registei 

6.6 Observations • 

The pupil should lecord the following observations 
— Temperatuie of water in the pan 

— Amount ol watei added or iemoved to hi mg back the watei 
level to the icfcrencc point 
— Amount of lainfall dunng the past 24 his 

6.7 Expected behavioural outcomes : 

The pupil will be able to 

— recall the meteorological (actois that influence 
water loss by evapoiation, 
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explain the meteoiological (actors that 
ml mence water loss by evaporation, 

- measure evaporation from Class ‘A’ Pan 
evapoiimetci dunng i ainy and non-rainy days 

(he teacher should evaluate the pupil loi the above abilities 
6 8 Questions : 

1 What are the vanous meteorological factois that influence 
evaporation' 1 

n What n the dilfeicnce in procedure to measure evaporation 
on rainy and non-rainy days' 1 
Pi Calculate the Pan evaporation with the following data 


a) Watei added 

48 cm 

Rainfall loi the past 24 Ins 

Nil 

h) Watei added 

21 cm 

Rainfall foi the past 24 hrs 

5 5 cm 

c) Watei removed 

141 cm 


Rainlull lot the past 24 hrs 16 7 mm 


iv Tne following aie the mean data tecorded on 2 days at a 


station State 

on which day pan evapoiation will be more 

Why' 1 



Mean air 

Day / 

Da v II 

temperatuic 

30°C 

29 8°C 

Mean vapoui 

14 mm of Hg 

20 mm of Hg 

pressuie 

12 k m p h 

5 km ph 

Mean wind s| 

peed 
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7 Activity Unit 

MEASUREMENT OF DEW 


7.1 Instructional objectives 

The pupil should he able to 

— explain the meteoiological conditions under which dew and 
frost occur and their significance in agriculture, 

— measure the dew with the help of Duv-Dcvani Dew gauge 


7.2 Relevant information : 

— How dew is formed and what ate the meteorological 
condition\ associated with the formation of dew’’ 

On a clear night, the ground temperature falls because of its 
continuous loss of heat by long-wave radiation The air in contact 
with earth’-, surface is chilled and when the temperature falls below 
the dew point temperature (See Activity Unit-3) of the air, dew is 
deposited Dew is an important source of soil moisture during non- 
ramy seasons especially in and and sem -and regions (he bare soil 
cools more slowly than vegetation because of the upwai d flow of heat 
from below in case of baresoil and the existence of thermal insulation 
by air within the crop canopy Thus, dew forms more on the 
vegetation than on the bare soil Dew formation would be more on 
calm or light windy days when the mixing of air would be minimum 
The favourable meteorological conditions foi the dew formation are 
as follows. 

a) Clear night sky (to allow maximum loss by long-wave 
radiation) 

b) Moist air from sunset onwaids (Relative humidity gieater 
than 75%) 

c) Calm or light winds 

— What isjrosi and how it is formed 7 

As explained under dew, on clear nights with calm or light 
winds, the air near the ground cools If this cooling is rapid and 
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condensation lakes place below 0"(' Irosl Imms Under such 
conditions the moistuie changes horn vapoui stale directly to ice 
state I his genei alls loimsduiing svintei when cold waves occm I lus 
is a hazard loi agucultuial and horticultural eiops 

-- How is dew' nicasmcd ’ 

Dew is measured by Duv Devani dew gauge (l-ig 7211 I his 
consists of a icct.tiigulai wooden block (32 cm * 5 cm * 2 5 cm) 
coated with icd paint which favours intention o( dew deposits on it 
I he dew gauge is exposed in the open on a stand at about sunset In 
the eaily mot mng, |iist at the time of sunrise, the clew (oi nied on the 
gauge is observed and compaied with aset ol photogi aphs contained 
in the dew album, which lepresent clilleicnt dew scales and thereby 
the actual dew scales loi the day is determined I he vvatei equivalents 
in mm ol these dew scales vaiy Irani 0 02 mm loi dew scale No I to 
0 35 mm tor dew scale No 8 I hus, knowingthc dew scale number, il 
is possible to measure dew In oulei to measuie t he dew loi matron a t 
dil ferenl heights, the dew gauges aie lived on a stand at heights of5, 
25 50 and 100 cm above ground I her e are also patterns in the dew 
album lor the occurrence ol dew and ram and for the occunenec ol 
lain only 

7.3 Precautions : 

Do not touch the surface of dew gauge with grease or dusty 
lingers 

After taking the dew observation, keep the dew gauge inside 
Otherwise thesunhght will damage the sensitive su. face of the 
dew gauge 

Alter iecordmg the observations, do not wipe ofl the water 
deposits but icmove by swinging 

7 4 Materials required : 

i Duv Devani dew gauge 
11 hon stand tor dew gauge 
in Dew Album 


7 5 Procedure : 


O <,C “' 8,i " SC 1,1 "I*" ™ '-and alter sunset 

UtuenV stinnse '""' 111 ..>»u, 
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I ly i J I IH>\ -[>1 \ \NI 1)1 tt Ci \MC.I 

Compute ihc dew paiiein wall ihc photographs in the dew 
album and select the phoiogiuph which eloseU icscmblLs the 
obseiccd dew pattern 









Note the dew scale numbei oi the photograph selected and 
enter the water equivalent (in mm) as dew 

7 6 Observations . 

I lie pupil should record the following 

Amount of dew deposited at different heights above the 
gi ound 

7.7 Expected behavioural outcomes . 

I he pupil will be able to 


explain the favourable weather conditions foi 
the formation of dew and host, 
measure dew by the Duv Devam dew gauge 
I lie teacher should evaluate the pupil for the above 

7 ft Questions . 

i What aie the meteorological conditions that favour dew 
foi mation 7 

n When does (rest occur 7 

in Give the significance of dew and host in agriculture 


G rude 


abilities 
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8 Activity Unit 


MEASUREMENT OF SOIL 
TEMPERATURE 


8.1 Instructional objectives : 

1 he pupil should be able to 

explain the impoitunic ol soil tempeiatuie in crop giovvth, 
measure soil lempciutuic at ddlcient depths of the soil, 

8 2 Relevant information 

- (i Ini' is i/tc impoi mnev <>/ soil renipei alure in imp gmwth ’ 

1 lie sutfacc ol the earth gets healed up during the day and gets 
cooled dining the night causing dturnal changes in the top layeis ol 
the soil 1 he a ops have then toot systems m these layeis and extract 
plant nutrients and vvatei from these layers Since the heat regimes of 
these layeis ate governed by the soil tempeiatures, the measurement 
ol soil tcmpeiutuie becomes extremely important During ciop 
get mutation also soil temperatures pi ax a \ ital tole 

1 he ntoJsiuic jinncimm in vapom phase is mostly govei tied hv 
the rempeiature gradients in soil I he condensation ol the water 
vapom in the an in the form of dew' ot (tost also occuts due to the 
excessive cooling ol the eaith surface due to emission of longwave 
indiation bv it I bus, knowledge of soil temperatures vsextientelv 
irnpoi talit 

Ho ii is \t>il h'nipri ntnw nieusi/wtl’ 

I lie soil lempetaiuie is measured by soil Iheimoineteis (I ig 
8 2 1) 1 licse aie nicr cm i-in-glass thei niometeis oft he enclosed scale 
t_\ pc I heic is a bend of 120 "C just a bos e the bulb, the t cst of t he stem 
being stmight so that when the soil thermometei is installed at a 
paiticiilai depth of the soil the bulb rests horizontally 1 he 
im. Ii nation ol t lit stem a I 120" also lac ill I ales the t ending ol the scale 
In these I lie i niometeis tlicic are graduations foi cveiy deg tee 
centigrade and the giauuations begin liom the distance of 6 5 cm, 
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17 5 cm and 35 0 cm from the bulb for the 5, 15 and 30 cms depth soil 
thermometers respectively To suppoit the thei mometers at the 
correct inclinations non stands with sloping sides at 60“ to the 
gi ound surface are piovided 1'he soil thei mometers ate installed at a 
site m the ohseivatory whieh is sufficiently away from obsti actions 
and is free from water logging duung the tainy season Cute should 
also be taken to remove the soil layer by layet and latei leplaee the 
same in order, during installation of the soil theimometcis. 



8.3 Precautions : 


At the time of observations, sit sufficiently away from the soil 
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thermometer so that no shadow would be cast near the 
thermometer 

— Avoid parallax error while reading by keeping the linejoining 
the eye of the observer and the top of the mercury column at 
right angles to the thermometer 

— If rain water gets collected in the soil thermometer plot, 
remove the same by digging drainage channels all around the 
plot 

8.4 Materials required : 

i Soil thermometers for 5 cm, 15 cm and 30 cm depth 

n Iron stands for installing the thermometers 

8.5 Procedure : 

— Install the thermometers with the help of iron stands as 
discussed in sub head 8 2. 

— Read correct to 0 1°C soil temperatures at 0700 hrs and 1400 
hrs Local Mean time (LMT) in the order of 5, 15 and 30 cm 
depths 

8.6 Observations : 

The pupil should record the following 

— Soil temperatures at 5, 15 and 30 cm depths in the morning at 
0700 hrs and 1400 hrs LMT 

8.7 Expected behavioural outcomes . 

The pupil will be able to 


— explain the significance of soil temperature in 
agriculture; 

— measure the soil temperature at different 
depths 

The teacher should evaluate the pupil for the above 

8.8 Questions : 

i Why is soil temperature important dunng crop germination 
and extraction of nutrients and water by plants 7 
n. How are soil thermometers installed 9 


Grade 


abilities 
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9 Activity Unit 

ESTIMATION OF EVAPOTRANSPIRATI0N 


9.1 Instructional objectives : 

The pupil should be able to ' 


— explain the meaning of evapotranspiration, 

— estimate crop evapotranspiration from Pan evaporation 
values at diffeient stages of crop growth, 

— deteinune total water use of the crop for the whole crop 
season 

9.2 Relevant information : 

What is evapotranspiration ? How it depends on crop, toil and 
atmospheric factors 7 

The evapotranspiration is the combined loss of water from the 
cropped field due to transpiration from crops and evaporation from 
the intervening soil surface At the time of germination, the 
evaporation component predominates As the crop grows in height 
and ground is shaded, evaporation from soil decreases and 
transpiration rises progressively with increase in leaf area till the 
whole surface is effectively covered by the crop Transpiration is 
insensitive to further leaf development and is maintained at a high 
level when plant is actively growing This period varies with the 
growth characteristics of the particular crop It decreases as the plant 
matures Another important effect of crop is that as the roots 
develop, the crop has access to increasing volume of soil water The 
most important factor however, is the available soil moisture status 
As the sod moisture decreases progressively from the field capacity, 
the evapotranspiration also decreases and rapidly so after certain 
available moisture level. In addition to these crop and soil factors, 
evapotranspiration is also dependent on the atmospheric factors such 
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as saturation vapour pressure deficit, wind speed and net radiation 

— What is potential evapotranspiration 0 

As explained above, computation o( evapotranspnation, is 
complicated in view of it being dependent on fluctuating plant 
physiological, soil physical and atmospheric parameteis In orderlo 
simplify the same, the concept of potential evapotranspiration was 
evolved by T’hoi nthwaite and Penman Potential evapotranspnalion 
is defined as the water loss that will occur if there is no deficiency of 
watci in the soil for the use of vegetation at any time of its giowth 

— What are the common methods of determining the 
evapotranspiration"> 

The evapotranspiration of the crop is measured by means of 
weighing type oflysimeters It can also be estimated by the following 
climatological methods 

1 Deteimination of potential evapotranspiration by Penman’s 
method by assumingan albedo valueappropriate to the ci op 
(viz the percentage of solar radiation icflected by the crop) 
u Climatological water balance approach using appropriate 
patterns of sod moisture depletion 
m Blaney-cnddle method 
iv Pan evaporation method 

Of the above four methods, the last method is comparatively 
easy to handle and makes use ol the pan evaporation values recorded 
at the actual crop field itself Hence this method is useful and the same 
has been elaborated below 

— How is evapotranspiration determined ? 

Evapotranspiration of crop (Et) is obtained fiom Class A Pan 
evaporation (E) values (See Activity Unit-6) by multiplying the same 
by the crop coefficient (K.c) as per the following formula 

Et = Kc E 

Where Et and E are measured in mm pei day 
The crop coefficients depend on the foliage characteristics of the 
crop, stage of growth, climate and geographical location A few crop 
coefficient values in respect of some impoitant crops are given in lable 
9 2 1 The following example would clarify the calculation of 
evapotranspiration by this method 


48 




The total growing season of 120 days is divided into 10 equal 
pai ts of 12 days each Let us assume the following values aie the mean 
daily pan evaporation (E) for the ten sub-periods '1 he crop 
coefficients (Kc) are taken from Table 9 2 1 For these sub-periods, 
evapotranspiration calculated by E*K.c for each of the sub-periods 
aie as follows The total water use is obtained by adding Et values foi 
all the sub-periods which are computed by multiplying by mean Et 
value and the numbei of days in the sub-period viz 12 days 


Stub 

period 

Mean L 
(mm / day) 

Ki 

Mean El 
(mm/day) 

Total Et for 
Sub-period 
(mm/12 days) 

i 

3 1 

0 18 

0 56 

6 72 

2 

2 9 

0 34 

0 98 

11 76 

3 

2 8 

0 57 

1 60 

19 20 

4 

2 7 

0 80 

2 16 

25 92 

5 

2 6 

0 90 

2 34 

28 08 

6 

2 8 

0 90 

2 52 

30 24 

7 

3 0 

0 86 

2 58 

30 96 

8 

3 2 

0 80 

2 56 

30 72 

9 

3 6 

07! 

2 56 

30 72 

10 

1 olal watei 
use (mm) 

4 0 

0 58 

2 32 

27 84 

242 16 


49 



9 3 Precautions 

- Use piopei crop <_oel(icienl applicable 10 the crop 
— Cai e should be taken while calculating the mean evaporation 
I’m different stages of the ciop growing season by selecting 
and appropriate crop coefficients for those stages 

9.4 Materials required ■ 

t Daily Pan Evapoiation values from Activity Unit-6 
u Crop coefficients tor the different stages of the growing 
season of the crop concerned 

9.5 Procedure . 

— Divide the total gi owing season ol the crop into ten equal 
periods 

— Compute mean pan evaporation (E) (in mm/day) by 
aveiagmg daily values for the period 
— Pick up the appropriate crop coefficient (Kc) from Table 
9 2 1 

Calculate evapotranspiration of the crop (Et) for each of the 
ten periods by multiplying pan evaporation value and crop 
coefficient (i e by the formula Et - Kc E) 

-- Compute total water use of the crop during the whole 
growing season hy adding all the Et values of the ten periods 


9.6 Observations and Calculations : 

The pupil should i ecord daily pan evaporation and estimate the 
following • 

- Daily evapotranspiration using the Crop coefficients 
appropriate to the dilfeient crop growth stages 

— Total water use of the crop 

I he pupil should use the observations and lollowthe steps given 
in the procedure above for the purposes of calculating 
evapotranspiration and computing total water use of the crop 


9.7 Expected behavioural outcomes . 

The pupil will be able to 


— explain the concept ol evapotranspiration and 
various methods of determining the same, 

— estimate crop evapotranspiration at different 


Grade 
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stages of the growing season. 

— compute total crop water use for the whole 
growing season 

The teacher should evaluate the pupil for the above abilities 


Questions : 


1 What are the various crop, soil and atmospheric factors that 
are related to evapotranspiration 9 
u What are the four standard methods of determining 
evapotianspiration'* 

lii Compute evapotranspiratton for the following data 


iv 

v 


Mean pan evapoiaiion 

a) 5.6 mm/day 

b) 7 1 mm/day 

c) 3 5 mm/day 

How is the crop water use 


Crop coefficient 
0 94 
0 81 
I 16 

for the whole growing season 


determined'* 

Given the following mean pan evaporation values during the 
successive 10 days period of the crop growing season of 
Maize (100 days crop); calculate the total water use of the 
crop 


10 dav period 



Mean Pan evaporation 
mm / dav 

5 4 

6 9 

7 1 
5 5 
4 8 

4 3 

5 9 
3 2 

6 0 
5 7 
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